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AN IHVESTIOATIOH OP TERRESTRIAL REPRAOTIOH. 

The history of the eubjeot of refraction bears with it 
oonsideirahle of anjiiquity, although we have no loiowledge of 
when it first began to be 8tvuiied;but tindoubtedly from the ear- 
liest times men were familiar with the effect that water has 
upon a body as seen in or through it. 

The eaf.iest record of atmospheric refraction having been 
considered is that of Clemonedes, who lived about the time of 
the Emperor Augustus « He suggested that the sun may be seen 
while it is still a little below the horizon* He also, like . 
Archimedes, was acquainted with the fact that an ob;ject, in 
the bottom of a vessel, ^just invisible when viewed at an ob- 
lique angl«, may be made visible by filling the vessel with 

water. 

Ptolemy measiired angles of incidence and refraction but 
failed to discover the true law of refraction; which was dis- 
covered by Snell in 1619 « He stated it thus:- For the same 
media the ratio of the cosecants of the angle of incidence and 
angle of refraction retains always the same value. A few years 
later Descartes gave us the fona we use to-day, that is, "the 



law of Bines." Huirsens was the first to elaborate the sUbiJect 
of atmospheric refraction according to the undiilatory theory 
of light. 

When a ray of light passes from one transparent medium 

«■ 

to another, it undergoes a change of direction at the siorface 
of separation; so that Its course In the second medium makes 
an angle with Its course In the first. This changing of direc- 
tion Is what Is imown as refraction. The phencmenon can be ex- 
hibited by partly immersing a stick in water In an oblique 
position, when it will prer^ent a broken appearance. The amount 
of this displacement varies with different media. 




Snell^s law can only be stated by reference to a geomet- 
rical figure or using the language of trigonometry. Let PO 
be a ray incident at on the surface of separation of two 
media and let OS be its course after refraction. The angle 
POA, that is, the angle which the ray makes with the normal 
AR is called the angle of incidence and SOR is known as the 
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angle of refraotion. With 0, the point where the ray passes 
from one medlxon to the other, as a center desorlbe a circle. 
Drop perpendiculars to the normal as PA or Its equal P'T and 
SR. Then the law Is that these perpendiculars will have a 
constant ratio. This ratio, with respect to a ray of light 
passing from a vacuum into any medium, is luiown as the index 
of refraction. 

The index for Air is 1.0003. 

Pure water is 1.336. 

Crown glass 1.545. 

Diamond ^,596. 

The atmosphere may be regarded as a medium which varies 
continuously according to some given law. Or it may be said 
to be in concentric spherical strata with the center of the 
earth for the center of the spheres* The refractive index at 
any point may be regarded as a function of the co-ordinates 
of that point. Equating this fimction to a constant, we ob- 
tain the eqixation of a surface along which the refractive in- 



dex is constant. 




1\ 



Let PQ and QR be two consecutive directions of a ray, 
after being refraoed at a spherical aupface whose center Is 
0. If q) and (p* be the angles of Incidence and refraction, 
and [I the index of refraction. Then ^i sin <p = jli* sin qo* . If 
p and p* be the lengths of the perpendiculars drawn from 
to the ray before and after refraction, this equation may be 
expressed in the form, 

|ii P = fi'p*. 

Therefore if the ray be regarded as passing throT:igh a • 
continually changing medium, stratified in spherical surfaces 
whose center is 0, the equation of the ray may be expressed 
by the equation, 

»i P « a, 
where a is a constant* If we take this spherical stratum as 

a layer of air with the center as the center of the earth, 
then p will be the perpendicular from the center of the earth 
on the tangent to the path at a point where the refractive 
index is \i. 

Let X be the radius vector drawn from the center to any 
point of the path, this will be the normal to the stratum. 
Also let (p be the angle between the ray and this normal, then 
the preceding equation may be written in the form, 

ILK X sin <p = fj( a sin z , 
where jii., a, and z are the values which they would assume at 



at the oanter of the earths If the consecutive elements of 
the path of the ray malce an angle cp with the nonnal the de- 
viation of (p - 9* will be the Increment of atmospheric refrac- 
tion • If we denote this atmospheric refraction toy r, then, 

(p -qp* =s 8r 

H sin 9 = (ji + 6 t*) sin (cp - 8r) 
or, n sin (p » (^ -^ 5 )i) (sin <p - dr cos cp). 
That is, 

8 H 8ln <p - |i 8r cos <p s o 
which gives 

dr _ tan cp 

If we substitute the valiie of <p in terms of z as obtained from 
the previous equation we find, 

d/x 



or. 
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dfi 


z 


"^0 


5S 









** %* X* Jig a" sin^ 2 



as the general equation for refraction. 

Let us again regard the atmosphere as composed of an in- 
finite nuntoer of concentric spherical strata, whose common 
center is the center of the earth, each of which is of imi- 
form density, and within which the path of a ray of light is 
a straight line. 




Let do, Ob, ba, aA, be the successive rel^actions of a ray 
of llgbt entering the atjoosphere at d and reaching the earth 
at A. Then the number of strata Is regarded as Infinite aA 
the last direction becomes a tangent to the curve then AaS' 
is the apparent direction of the star. 

Let Od, Co, Ob, etc., be the normals to the successive 
strata. Sdf is the first angle of incidence. Cdc is the 
first angle of refraction. 

At any point, say o, along the course of the ray, let, 
1 » the angle of Incidence, 
f = the angle of refraction, 
p = the index of refraction above point c, and 



IX ^ = the Index of reflraction below point o. 



Then^* 



sin 1 - u » . (1) 

sin f ^ 



Let q = normal Cc to the upper of the two strata and ci*« nor- 

loal Cb to the lower of the two 8trata« 

1» ss angle of incidence to lower of the two strata. 

Then^ from triangle Ocb, 

8ln V « g^ *' 

sin f q* 

and 

qjLi sin 1» q«fi" sin 1% 
which shows that the product of the normals to any stratum 
by Its index of refraction and the sine of the angle of in- 
cidence is the s'ime for any two strata^ that is, it is con- 
stant for all strata. 
If we put, 

2 B the apparent zenith distance, 
a  the normal at the ob server , 
^o"* tl^® index of refraction of the air at the Ob- 
server, 
we have, 

q^ sin 1 B ajL^ sin z, (3 ) 

in which the second member is constant for the same values 
of z and ^^ • 
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Prom (1) we have, 



I _ 



f^ + I* 



tan^ (1+f). 



But If (1 - f) is the refraction of the ray in passing from 
one stratum into the next and as we are supposing the densi- 
ties of the strata to vary by inf ini t est 1 ma 1 increments (i - f ) 
is the differential of refraction. 

Therefore we may write ^dr for tan^- (i - f ) and dp for 
)i* -|Li,also 2^forfi* + n and tan i for tan-^ (^ + f), 



hence. 



dr 



dM 



tan iy 



^ (S) 

which Is the differential equation of refraction. How suppose 

we assume that the law of decrease of density is such that 
some constant power of the refraction Index fi is reciprocally 
proportional to the noimal q. 
This Is expressed by the relation, 



K 






which from (2) gives 



sin i= \_lJ.oJ 



sin z 



(4) 



or, logarithmically. 



log sin i a. n log n + log 



Fsin z" 

L u? J 
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By differentiation, 



*i e n Itf 



tani p ^ 
which from (3) gives dr = ^ 

and integrating, 

r-i *0. 

To determine the constant C, the Integral Is to be taken 
from the upper limit of the atmosphere to the surfaoe of the 
earthy at the upper limit r » o and if we put e « the value 
of 1 at that limits we have^ 

OS - * C 

at the. lower limit the value of r is the whole atmospheric 

refraction, and i « z, hence, 

r a -+ C. 
n 

Eliminating the constant, we have. 

In (4)^ by putting jl* = 1^ since the density of the air at the 



upper limit is to be taken as zero^ we find for e 

-rf^ ^ Bin g . ^ X 

sin e s — = — • (6) 

Find |K at the surface of the earth and having determin- 
ed this, we can combine (5) and (6) which gives, 



'^['- 



sin 
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which is loiown as Simpson *s Formula. 

For an approximate refraction the formula may be written 
r« g tan (z - fr) 
which mcoording to Bradley^ for a mean state of the air cor- 



responding to the barometer 29.6 and thermometer 50 Fahrenheit^ 
expresses the observed refraction by talcing ^ 

g a S7.036", and f « S. 
In order to correspond with the real state of nature it 
is necessary that the constitution of the atmosphere which 
the hypothesis involves should not only agree with the observ- 
ed refraction^ but also with the height of the barometer and 
with the observed diminution of heat as the altitude of the 
observer above the earth •s surface increases* Let us sub- 
stitute the density of the air in the place of the index of 
refract ion • Put, 

8q=s density of air at the surface of the earth, 
6 a densil^y of air at any point above the surface. 



Then, 



|i*- 1 a 4K8 



expresses the relation between ij, and 8, where 4K is a constant 
determined by experiment. According to Biot, 

4Ka 0.000588768. 

Since the square of K will be inappreciable, we may take 
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^ s (14 4K8)^« 1 -I- 2K8 

j»o= 1+ 3K8o 
j»J = 1 + 3nK8o» 
The relation, j, , 

tan§-r--TTr tan(2-tr) 

a 
by neglecting K, becomes 

tan § r « nK8^ tan (a - "g" r). 



If we denote the horizontal refraction, or that for z = 90 , 
by Pot the formula gives , 

tan §• To = nK8o ^^* f" ^o 



or, tan f r^ = i/BX5^^ 

We can find 8^ from the observed state of the barometer 
and thermometer at the surface of the earth, so that In order 
to compute the horizontal refraction hy the formula, for the 
purpose of comparing It with the observed horizontal refrac- 
tion, we have only to determine the value of n* 

Let X as the height of any assumed point In the at- 
mosphere above the surface of the earth, 
5pg as the density and pressure of the air and the 

force of gravity, respectively at that point, 

fioPoSo"' *^^ «^^ quantities on the earth's surface. 
At an elevation greater than x by an infinltestimal dls- 
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tance dx, the pressure p Is diminished by dp. The weight of 
a column of air whose height Is dx^ density 8 and gravity g^ 
Is expressed by g 6 dz, and this Is equal to the decrement 
of the pressure; hence, 

dp a -g 8 dx. 
By the law of gravity, we have, 



«« So 



a^ 



(a+ X) 



hence, 



dp « -g^ «?8 



dx 



(a + xf 



'.'"brh] 



How, under the hypothesis, we have, 






Neglecting the square of K 



a 



1 ~ a (n + 1) K (6o - 6) 



a + X 

which gi^es 

aF a 1 a 2 (n + 1) K d5, 

hence , 

dp s 2gQ a (n -I- 1) K&d& . 



IS 



Integrating, 

TO ooTiipare this with the observed pressure p^ , let l « the 
height of a ooloann of air of density 5^ which acted upon by 
the gravity g^ will be in equilibrium with the pressure p^, 
then 9 

p a g 6 L, 

' 

which with the last equation^ gives 

•Ea (n + 1)4 - ^''• 

At the surface of the earth, where p becomes p . and 6 



becomes 6^, the equation gives 

1 =» (n + Dt  



1 



whence 

Ji 

a 




- 1. 



This reduces the equation of the horizontal refraction to 




But according to Argelander it does not fully agree with ob- 
served refractions. This discussion is according to chauvenet 
Refraction in solids or liquids, and even astronomical 
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refract ioiit that Is flight from a star at not too great a 
zenith distance^ has been accurately and quite satisfactorily 
determined, but If a large zenith distance Is used or an ob- 
ject near the horizon as a distant terrestrial object , It 
has as yet not been disposed of In a satisfactory manner , 
owing to the varied and numerous apparently Indeterminate 
agencies which seem to affect the passage of a ray of light 
through the lower strata of the atmosphere. Indeed the re- 
fraction at a zenith distance greater than 80^ Is Imown to 
vary 3* and 4* under, apparently, the. same conditions. 

The object of the following observations ha* been an ex- 
amination of the principal agencies supposed to affect the 
passage of light near the horizon. They have been taken with 
a great deal of oare In order to get them as accurate as 
possible and they have been combined In various ways In 
which It was thought possible to show any cause of variation 
of the zenith distance. 

In addition to measuring the zenith distance of the ob- 
ject, the thermometer and barometer were always read; the 
direction and velocity of the wind noted; also the moisture 
of the atmosphere and the clearness or cloudiness of the 
weather. 

The Instrument Used was that known as the Universal In- 
strument, Number 2598, Garl Banft)erg, Berlin, being of the 



\ 
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broken telescope variety. The objeot glass is S5 millimeters 
clear aperture ^ There are two graduated circles^ one hori- 
zontal of 17.5 centimeters diameter ^ and a vertical one of 
16*4 centimeters diameter. Each circle Is provided with two 
micrometer microscopes, thus malclng it possihle to read to 
single seconds without difficulty. 

Each day the Instrument was mounted over the same point 
on the eaet steps of the Observatory and directed upon the 
water tank at the state Hostlpal for the Insane, which is 
directly across Lake Mendota, at a distance of about four 
miles and less than eight minutes of aro above the horizon* 
The horizontal thread was set each time exactly over the line 
of division of the cylindrical and conical parts of the tank; 
as those are of different colors, the line of demarkatlon 
was perfectly distinguishable « 

The order of observation was as follows: 

One reading Circle Right. • 

Reverse Instrument and take a reading Circle Left. 

Disturb level and take a second reading Circle Left. 



Reverse Instrument and read again Circle Rights 
Thus was furnished two double sets of readings, the means 
of which were taken. The level was carefully read each time 
immediately after setting the instrument and the level cor- 
rection applied to the micrometer readings. The observations 
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were made each day at 12 o'clock, beginning the thirteenth 
of January and continuing every day the object could be seen, 
until the third of May, maKing a total of one hundred fifty- 
two readings* 

As an exanqple of the daily observations the following 
specimen is inserted. 



DATE:- Tuesday, March 3, 1902. 
HOUR:- 12. 

THER.:- 29«. 

BAR.:- 29,05 inches. 



VSATHER:- Cloiady. 
MOISTURE:- 0,5. 



WIND:- N.E. Vel. 12 



CIR, LEVEL 



MIO, I. 



II. 



VERT. OIR. ZENITH. i)U<. 



R, 6.0 27.4 89o50«20.0" 50< 28.0" +1.9. 89o50'40.9" 

L. 8,0 29.0 270 5 24.0 5 18.0 -4.7 270 5 37.3 89«>52'36.3" 

L. 5.5 25.4 270 5 17.5 5 12.0 +9.6 270 5 39.1 

R. 6.3 27.4 89 50 20,5 50 27.0 +3.1 89 50 50.6 89 52 35.8 



The following is a tabular record of the observations 
arranged in chronological order. As in no case did the 
zenith distance vary outside the limits of 89° 52' and 89» 53' 
only the seconds are recorded in the tabiilation. The mean- 
ing of each suooeeding table will be understood from the 
heading. 



L 
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INDEX TO TABLES. 



TABLE l:~ 
TABLE II:- 



TABLE III:- 
TABLS IY:- 
TABLE V:- 



TABLE VI:- 



TABLI VII:- 



TABLB VIII:- 



TABLS IZ:- 



TABLE X:- 



TABLE XI:- 



Ohronologlcal Order of Observations* 

Observations With Respect to Temperature. 

Extreme Temperature. 

Observations With Respect to Direction of Wind. 

Observations With Respect to Velocity of Wind. 

Observations Before the Ice Went Out With 
Respect to High and Low Theimometar. 

Observations After the Ice Went Out with 
Respect to High and Low Theiraometer. 

Observations With Respect to the. Weather Ac- 
cording as the Days Were Cloudy, Olear, or 
fair. 

Observations on Oloudy and Olear Days With 
Respect to High and Low TheUBCMeter • 

Observations on Cloudy and Clear Days With 
Respect to High and Low Wind. 

Observations With Respect to Moisture In 
Atmosikhere . 

Observations With Respect to Reading of 
Barcweter. 



TABLE XII:- 



81 



uriirf: 



Ized Result 8 « 



TABLS I. 



18 



OBSXRViXIONS OH ASYLUM WATER TASK. 









Zdziltli 


Wind 






Date 


Ther. 


Bar. 


Dlstanoe 


Dlrec. 


Vel. 


Weather 


Moisture 


Jan« 


iieereea . 


Inohes . 


89« 


52* 


f 


Miles. 


» 


Degrees. 


13 


56» 


29.15 


50 • 


55 • 


s. w. 


20 


Clear 


0.4 


14 


41 


S8.83 


24 


21 


H. W. 


8 


Clear 


0.6 


15 


34 


29.05 


51 


51 


K. W. 


6 


Fair 


0.7 


16 


32 


29.25 


40 


39 


— 





Clear 


1.0 


17 


39 


28.71 


41 


55 


S. 


20 


OlovOy 


0.9 


18 


37 


29.05 


22 


20 


H. W. 


10 


Clear 


0.9 


20 


39 


29.12 


41 


54 


S. 


15 


Cloudy 


1.0 


21 


36 


29.08 


24 


51 


N. 


15 


Cloudy 


0.6 


22 


38 


29.15 


26 


26 


H. W. 


2 


Clear 


0.5 


24 


34 


29.18 


31 


29 


N. W. 


5 


Clear 


1.1 


25 


25 


29.29 


34 


33 


S. 


12 


Cloudy 


0.5 


28 


10 


29.89 


18 


23 


S. W. 


5 


Clear 


0.5 


29 


21 


29.59 


59 


38 


N. X. 


10 


Cloudy 


1.1 


30 


29 


29.39 


25 


24 


S. 


15 


Fair 


0.8 


31 


34 


29.12 


52 


31 


w. 


10 


Pair 


1.2 


Feb. 


• 
















1 


24 


29.09 


44 


59 


N. 


3 


Fair 


0.9 


S 


16 


29.29 


56 


36 


s. w. 


5 


Cloudy 


0.2 


6 


22 


28.89 


44 


43 


s. w. 


12 


Clear 


1.5 


7 


18 


29.19 


54 


32 


H. W. 


18 


Clear 


1.5 


8 


18 


20.29 


50 


35 


N. W. 


10 


Clear 


0.7 


10 


35 


29.50 


26 


25 


H. W. 


8 


Clear 


1.7 


11 


25 


29.07 


55 


55 


N. W. 


9 


Cloudy 


0.5 


12 


32 


29.14 


56 


54 


N. W. 


8 


Clear 


2.1 


IS 


S3 


29.46 


42 


44 


N* £ • 


12 


Clear 


1.4 


14 


28 


29.54 


40 


40 


N. 


14 


Cloudy 


1.4 


15 


33 


29.24 


57 


40 


S. W. 


6 


Clear 


1.2 - 


17 


30 


28.98 


50 


50 


N. W. 


15 


Clear 


0.5 


18 


33 


29.03 


50 


52 


H. W. 


7 


Clear 


2.3 


19 


28 


29.42 


28 


28 


N. W. 


3 


Clear 


2.1 


20 


34 


29.54 


44 


45 


S. 


10 


Clear 


1.3 


21 


36 


29.17 


58 


58 


H. 


4 


Clear 


2.8 


24 


53 


29.14 


57 


56 


N. W. 


6 


Clear 


2.7 


25 


47 


29.11 


52 


49 


S. 


15 


Clear 


2.5 


26 


50 


28.72 


40 


41 


s. 


25 


Fair 


4.7 


icar. 


















3 


29 


29.05 


56 


56 


N. S. 


12 


Cloudy 


0.5 


4 


31 


29.29 


40 


40 


H. 


20 


Cloudy 


0.5 


5 


46 


29.54 


55 


55 


N. . 


4 


Clear 


2.7 


6 


50 


29.04 


50 


50 


S. W. 


50 


Clear 


2.5 



19 



Sate Ther. 



Bar. 



Zenith Wind 
Distance. Direo. Vel. Weather 



llolsture . 



Mar. Degrees. Inohes. 



Miles 



IS 
14 
17 
18 
19 
20 
21 
22 
24 
25 
27 
28 
29 
SI 

Apr. 

1 

2 

S 

4 

7 

8 

9 
IQ 
11 
12 
14 
15 
16 
17 
19 
21 
2S 
24 
28 
29 
50 

Uar 

1 

2 

3 



Degrees 



5S 

57 
16 
S2 
42 
42 
42 
47 
59 
59 
69 
50 
60 
45 

40 
45 
56 



52 

42 

65 

71 

61 

52. 

51 

55 

55 

68 

54 

80 

57 

57 

67 

76 

62 

65 
82 
65 



29 . 19 56 56 

29.11 59 52 

29.57 24 24 

29.55 51 52 

29.21 40 41 

29.24 55 30 
29.29 41 58 
29.29 41 57 
29.21 25 27 
29.91 28 28 
28.95 50 49 
28.70 57 54 
28.87 29 28 
29 . 00 44 44 

29.08 58 59 
29.10 59 42 
29.36 42 40 
29.19 40 40 

29.25 40 40 

29.28 42 42 
29.19 32 52 
29.07 47 40 
28.90 40 58 

29.09 52 55 
29.57 42 58 
29.52 41 46 

29.10 58 S9 
28.97 S2 27 
29.15 40 59 
28.64 41 42 
29.17 53 S3 
29.54 59 57 
29.04 57 55 
28.95 57 51 

29.29 39 59 

29.21 26 23 

28.89 41 55 

28.99 59 40 



S. 12 

S. 50 

H. W. 12 

S. ¥. 10 

S. 24 

S. 15 

N. E. 4 

M. 7 

S. S. 10 

S. E. 12 

S. W. 20 

IT. S. 12 

N. W. 8 

N. W. 15 

H. W. 10 

H, ¥. 9 

N. ¥. 4 

H. E. 7 

N. Y. 15 

H. W. 5 

N. V. 5 

S. W. 18 

W. 42 

H. 11 

N. 8 

H. 7 

S. 5 

H. W. 12 

H. 7 

S. 52 

W. 12 

S. 10 

S. 15 

N. W. 20 

K. 6 

S. 20 

¥. 15 

S. 16 



Clear 

Oloudy 

Pair 

Clear 

Pair 

Cloudy 

Cloudy 

Pair 

Pair 

Clear 

Clear 

Cloudy 

Cloudy 

ClOTidy 

Cloudy 

Cloudy 

Clear 

Clear 

Clotidy 

Cloudy 

Clear 



Pair 

Cloudy 

Pair 

Pair 

Pair 

Pair 

Pair 

Pair 

Pair 

Clear 

Oloudy 

Clear 

Clear 

Pair 

Clear 

Cloudy 



.6.1 
4.7 
0.8 
2.4 
It. 8 
1.6 
5.5 
3.5 
4.6 
5.4 
5.9 
0.5 
0.5 


0.8 
0.6 
2.5 
3.5 
1.8 
1.5 
3.8 
0,9 

10.8 
5.7 
7.5 
7.4 
5.8 

10.7 
4.8 

15.9 
6.5 
9.1 
8.5 

11.0 
7.5 

10.4 

19.0 

5.7 



TABLI II. 
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VARIATIONS or 5« IH TEMPERATURE. 



16 • 


210 


260 


810 


S6« 


41* 


460 


61» 


560 


61* 


to 


to 


to 


to 


to 


to 


to 


to 


to 


to 


20 « 


26» 


80 • 


35<» 


40 o 


45* 


50« 


550 


60» 


65* 


36" 


89* 


46» 


40" 


80 •' 


40" 


ZZ* 


40" 


42'* 


40 • 


36 


88 


40 


40 


88 


41 


35 


40 


40 


88 


24 


44 


28 


39 


24 


19 


41 


42 


28 


39 


24 


43 


25 


40 


31 


28 


87 


38 


28 


89 


34 


34 


24 


36 


88 


44 


40 


32 


33 


26 


32 


82 


36 


84 


88 


38 


S3 


35 


33 


23 


30 


44 


36 


39 


22 


42 


50 


86 


89 


32 


33 


89 


80 


40 


20 


42 


50 


31 


87 


81 




38 


29 


26 


26 


44 




87 


23 


39 




83 


28 


25 


26 


44 


40 


86 


27 


40 







, 


42 


41 


89 


41 


41 


29 










44 


81 


42 


87 


46 


28 




, 






87 


41 




34 


89 












40 


35 






82 












30 


38 






40 












82 


39 






89 












28 








30 












31 








39 








4 




31 
















• 


• 


29 

33 
31 
44 
43 


* 

32 <• 








• 


• 


Means 31 « 


'" S8 '* 


^ SS*' 


59** 


^S5^'« 


35'* 


Jjjii 


~5S" 



IZTREMI TEMPERATURES. 



10 


66 ® - 70 <* 


7^0 


76** 


80° 


82 


18 •• 


87 »» 


47 tt 


S7»' 


41" 


41 • 


23 


35 
32 
27 
50 

4» 


40 


31 


42 


35 



Means 21 •• 



40 



tt 



44 •> 



84 •• 



42 tt 



88 It 



TABLE III. 
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OBSERYATIOVS ACCORDING TO DIRECTION OF WIND 





SOUTH. 


SOUTH W. 


WEST. 


NORTH W. 


NORTH. 


. NORTH E. 


SOUTH S. 




41" 


30" 


32" 


84" 


24 • 


89" 


23" 




33 


33 


31 


31 


31 


88 


27 




41 


18 


40 


31 


44 


32 


28 




34 


23 


38 


31 


89 


44 . 


28 




34 


56 


S3 


22 


40 


36 






33 


44 


33 


80 


40 


86 








43 


41 


26 


38 


41 






44 


37 


85 


86 


88 


38 






43 


40 




31 


40 


37 






52 


50 




89 


40 


84 






49 


50 




84 


83 


40 






40 


51 




32 


38 


40 






41 


52 




80 


41 








36 


50 




33 


87 








35 


43 




86 


42 








39 


47 




25 


88 








32 


40 




83 


41 








40 






33 


46 








41 






36 


40 








«/0 






84 


89 








30 






30 


39 








38 


• 




89 


39 








39 






30 










41 








NORTH 


W. 






42 






32 


40 






* 


39 
37 
37 
35 
26 
23 
39 
40 
25 
24 






28 
28 
37 
38 
24 
24 
29 
28 
44 
44 
38 
39 
39 
42 
42 
40 
39 


42 
42 
32 
31 
32 
35 
32 
27 
37 
81 


• 





Means 87 " 40  



35 II 



53 »• 



88 « 



89 ti 



27 •• 



TABLE IV. 22 



OBSERVATIOHS ACOORDIira TO VELOCITY OF WIHD. 



Mile8-0-5 


4-6 


7-9 


10-12 


13-15 


16-18 


19-21 


24-25 


50-32 


42 


40" 


58" 


30 » 


22" 


40" 


SO" 


50" 


40" 


50" 


41" 


59 


58 


52 


20 


40 


40 


33 


41 


50 


38 


26 


33 


41 


59 


41 


34 


41 


40 


3ar 




26 


33 


57 


58 


54 


52 


33 


41 


33 




44 


41 


40 


52 


24 


47 


40 




41 




59 


58 


40 


51 


51 


40 


40 




42 




18 


42 


41 


50 


25 




57 








•• 23 


40 


46 


53 


24 




51 








28 


51 


40 


44 


50 




26 








28 


29 


59 


43 


29 




35 








59 


56 
42 
42 
52 


21 
26 
25 
55 


52 
23 

27 
40 


49 
55 
50 
44 














51 
51 
37 
40 
57 
56 

59 
59 


55 
56 
54 
39 
28 
42 
58 
59 
42 


59 
52 
55 
54 
53 
44 

45 
42 
44 
56 
56 
56 
55 
24 
24 
28 
28 
57 
54 


44 

57 
55 
41 
55 
59 

40 




• 


• 






• 






52 
27 
55 














J 






33 















Means 53" 56* 55" 55" 56" 58* 54 •< 40" 42* 39 it 



TABLE V. 25 



RI00RD8 6SF0RE lOI fXHT OUT 



Low Iher. 






High Ther. 


w 






. lOo 


18" 


- 25" 


86<» 


SO" 


^^ 


88" 


16 


56 


- 56 


56 


24 


— 


81 


16 


24 


- 24 


56 


88 


~ 


88 


18 


54 


- 52 


57 


22 


— 


20 


18 


80 


- 85 


58 


20 


— 


22 


21 


59 


- 58 


59 


41 


- 


81 


22 


44 


- 45 


89 


41 


— 


85 


25 


54 


- 52 


41 


40 


— 


41 


24 


44 


- 59 


42 


19 


— 


25 


28 


40 


- 40 


42 


35 


— 


50 


28 


28 


- 28 


42 


41 


— 


88 


29 


25 


- 24 


46 


58 


— 


S3 


29 


56 


- 56 


47 


41 


— 


37 


SO 


50 


- 29 


48 


40 


— 


33 


51 


40 


- 40 


50 


50 


— 


50 


52 


59 


- 40 


50 


40 


— 


40 


52 


86 


- 54 


50 


87 


— 


34 


55 


26 


-25 


58 


86 


— 


31 


S3 


57 


- 40 


53 


37 


— 


36 


33 


42 


- 44 


84 


59 


- 


32 


33 


SO 


- 52 


57 


28 


— 


28 


34 


28 


- 51 


59 


25 


— 


27 


54 


31 


- 29 


60 


29 


— 


28 


54 


33 


- 31 


69 


50 


— 


49 


54 


44 


- 43 




. 






Means 




54H 






54 m 



TABLX VI. 

24 

RECORDS 17TXR lOX fXHT OUT. 



Low Ilier. 






Hl|^ Ther. 


^ 


32<» 


39" 


- 40" 


610 


40«« - 88" 


40 


38 


- 39 


62 


34 - 39 


42 


42 


- 42 


63 


26-28 


45 


89 


- 42 


65 


32 - 31 


45 


44 


- 44 


65 


39 - 40 


51 


40 


- 40 


67 


37 - 35 


51 


42 


- 38 


68 


82 - 27 


52 


32 


- 35 


71 


47 - 40 


53 


41 


" 46 


76 


87 - 31 


54 


38 


- 39 


80 


41-42 


55 


40 


- 89 


82 


41 - 35 


56 


42 


- 40 






57 


83 


- 33 






57 

* 


89 


- 87 







Means 89 " 86 •« 







TABLI VII. 






25 


Cloudy says. 


Clear Days. 


Talr Days. 


41» 


55" 


50« 86" 


56" 


81" 


87" 


55 


50 


S5 84 


55 


81 


89 


41 


41 


24 42 


51 


85 


89 


54 


58 


21 44 


52 


84 


41 


84 


57 


50 57 


88 


40 


42 


81 


54 


40 40 


28 


41 


55 


54 


29 


22 50 


50 


84 


55 


55 


28 


20 29 


49 


84 


26 


59 


44 


86 80 


49 


40 


88 


58 


44 


86 82 


42 


41 




44 


88 


81 88 


40 


41 




59 


89 


89 88 


10 


87 




56 


89 


18 44 


40 


28 




56 


41 


25 45 


52 


27 




55 


89 


52 58 


51 


40 


* 


55 


40 


51 58 


47 


88 




40 


42 


44 56 


40 


42 




40 


42 


45 52 


59 


88 


• 


56 


52 


54 48 


87 


41 




86 


55 


52 55 


87 


46 




40 


57 


80 55 


81 


88 




40 


55 


55 50 


89 


89 




40 


59 


26 50 


89 


82 




52 


40 


25 41 






• 






55 









Means 87" 85 •• 55 <• 





TABI.16 


VIII. 


26 


Cloiidy Days 


Cloiidy Days 


Clear Days 


Clear Days 


and 


and 


and 


and 


Lov Tlier. 


High Thep. 


Low Thep* 


High Ther* 


56 • 


58" 


18" 


24" 


56 


59 


18 


21 


44 


55 


25 


55 


59 


50 


54 


55 


55 


41 


52 


52 


55 


58 


50 


49 


54 


44 


55 


50 


55 


44 


44 


50 


40 


59 


45 


56 


40 


42 


50 


55 


59 


42 


29 


57 


59 * 


42 


56 


56 


56 


57 


54 


42 


56 


54 


59 


40 


40 


52 


40 


28 


40 


55 


50 


28 


59 


59 


52 


59 


40 


52 


44 


57 


24 


59 


45 


59 


51 


40 


40 


59 


41 


57 


29 


52 


55 


55 


52 


51 


41 


28 


51 


47 


54 


29 


50 


40 






55 


57 






58 


51 






58 


41 






22 


55 






20 








26 








26 




Means 57 >> 


57 »• 


55" 


57" 





TABI.1i: 


IX. 


Z7 


Cloudy Days 


Clear Days 


Cloudy Days 


Clear - Days 


and 


and 


and 


flOA 


High wind 


High Wind 


LOW Wind 


Low wind 


41" 


50" 


56" 


24 « 


41 


55 


56 


21 


54 


54 


55 


22 


24 


32 


S3 


20 


31 


50 


41 


51 


41 


29 


40 


29 


40 


52 


56 


44 


40 


49 


56 


45 


40 


50 


56 


50 


59 


50 


54 


51 


52 


49 


29 


26 


55 


47 


28 


25 


30 


40 


38 


56 


44 


57 


59 


54 


44 


51 


59 


42 


39 


41 


42 


44 


40 


55 


42 


57 


57 




52 


40 


55 




55 


50 


39 






52 


40 


J 




44 


• 


» 




45 
56 
55 
51 
52 
28 
28 
40 
52 
51 
59 

57 


• 




 


59 
39 


Henna 58" 


59* 


36* 


55 •• 



TABLE X. 



28 



AGCORDIHO TO MOISTURE IS ATUOSPHERS. 



1.9 


8.3 


4.8 


2.8 


1.8 


0.9 




to 


to 


to 


to 


to 


to 




9.1 


5.7 


3.5 


2.0 


1.0 


0.0 




41" 


37" 


40" 


51" 


40* 


47" 


24" 


39 


35 


39 


52 


41 


40 


31 


41 


42 


23 


50 


35 


40 


22 


42 


38 


27 


50 


30 


39 


20 


37 


41 


40 


32 


44 


39 


41 


31 


46 


41 


33 


43 


41 


33 


32 


39 


89 


52 


37 


38 


31 


27 


39 


S2 


49 


40 


88 


31 


26 


S3 


59 


37 


40 


44 


24 


23 


33 


40 


36 


40 


44 


21 


40 


38 


52 


38 


42 


29 


30 


38 


39 


31 


38 


44 


29 




39 


32 


40 


26 


26 


37 




37 


35 


40 


26 


29 


34 






36 


50 


30 


34 


24 






35 


49 


32 


42 


24 








28 


36 


44 


40 








28 


34 


48 


40 




« 




41 




32 


36 








41 
S8 
37 

1 




31 
39 
38 
31 
29 
40 
39 

• 


36 
30 
29 
33 
33 
33 
36 
44 
39 
25 
24 
18 
23 
34 
S3 
2S 

§6 





Met2l« 35" 37" 37" 39 « 87" 33 m 



lABLS XI. 
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▲OCORDING TO BAROIIETRIC HEADIHQS. 



Inches 28,64 


28.91 


• 


« 


29.51 


29.51 




to 


to 


29,11 - 


29.36 


to 


to 




29.00 


29.10 






29.50 


29.91 




41" 


50" 


30" 


52" 


29" 


59 • 




42 


29 


53 


40 


24 


58 




41 


32 


40 


41 


26 


18 




35 


27 


39 


55 


25 


25 




40 


57 


41 


50 


42 


28 




38 


31 


34 


41 


44 


28 


• 


29 


39 


26 


38 


28 


40 




28 


37 


26 


41 


28 


40 




37 


31 


31 


57 


44 






34 


31 


29 


25 


43 






44 


22 


34 


27 


53 






43 


20 


33 


40 


53 






41 


24 


32 


40 


24 






33 


31 


31 


59 


24 






24 


44 


36 


40 


42 






21 


39 


56 


52 


40 






40 


33 


34 


51 


42 






41 


33 


32 


40 


38 








30 


30 


54 


41 








32 


33 


53 


46 








36 


26 


26 


59 








50 


25 


25 


37 








50 


36 












50 


34 












49 


37 


• 










44 


40 












39 


38 












42 


38 












42 


39 












32 


39 












35 


37 












47 


38 












40 


32 












38 


42 












39 


44 












37 


36 












35 


35 









Ueans 



58" 



55 



II 



35" 



35 



ti 



32" 



TABLE XII. 3Q 



SUMlCABr. 



YARIATIOHS OF 5° IV TUCPSRATURE . 



Degrees 16^ - ao' ai** - 85* 26' - SO* «1° - 35' 56® - 40' 

Means 31" 38** 32" 36*' 32*' 

41* - 45* 46' - 50' 51' - 55" 56* - 60" 6l" - 65*^ 

39" 39" 38" 32«' 35" 



XZIREUE TEMPERATURES. 



Degrees lo' se' ~ 70' 7l' 76" 80" 82* 
Means 21" 40'* 44*' 34" 42" 38" 



ACCORDIia TO DIRECTIOU OF WIHD* 



DiT«,. SOUTH. SOUTH W« WEST. EORTH ¥. NORTH. NORTH £• SOUTH £ 
Means 37« 40" 35" 33" 38" 39*' 27*« 



ACCORDIHa TO VXLOOITT OF YIHD 



Miles 0^ 4-6 7-9 10-12 13-15 16-18 19-21 24-25 

Means 32" 36'* 35*' 35" 36" 38'* 34'* 40" 

30-32 42 

42»« 39*' 



SI 



BEFORE ICE WENT OUT. 

Low ther. (loj - 34") 54" 

High ther, (36" - 69*') 34" 



▲TTER Id VSVT OUI. 

Lot tHeor* (SZl - 57^) 39 
High ther. (61" - 83") 56 



Cloudy Days 57" 

Clear Days 55" 

Fair Days 55** 



CLOUDY DATS. 

Lot ther. (le! - 59j) 56*' 
High ther. (40 - 82") 57** 



CLEAR DATS. 

Lot ther. (lO" - 57*) 54" 
High ther. (SS" - 80* ) 57** 



Cloady Days and High Wind 38** 

Clear Days and High Wind 59** 

Cloudy Days and Low ¥lnd 56* 

Clear Days and Low Wind 35" 



ACCORDING XO MOISTURE IH ATlfOSPHERI. 



0.9 

to 

0.0 
35" 37" 37" 39** 37" 53" 



19 


8.3 


.to , . 


to 


9.1 


5.7 



4.8 


2.8 


1.8 


to 


2.0 


to 


3.5 




1.0 



Means 



32 



ACCORDIHO TO BAROMETRIC RSASINaS. 



In. 28.64 


28.91 


29.11 


29.31 


29.51 


to 


to 


to 


to 


to 


29.00 


29.10 


29.30 


29.50 


29.91 


38" 


35" 


35 • 


35" 


32" 



LOWEST FOUR READINGS 07 BAROMETER 



Inches 28.64 41" - 42" 

28.70 37 - 34 

28.71 41 - 33 

28.72 40 - 41 



HIGHEST FOUR HEADINGS 07 BAROMETER. 



Inches 29 .91 .28 » - 28 •• 

29.89 18 - 23 

29.59 39 -38 

29.55 51 - 52 



It may be noted that the smallest senlth distance fpund, 
occurs with the lowest reading of the thermometer and the sec- 
ond highest reading of the Barometer, i.e, January 25, Ther-r 
mometer 10°, Barometer 29.89, Zenith 89° 52« 18«» , Velocity 
of wind 3 miles, Moisture 0.5* Also the lowest reading of the 
Barometer occurs with the second highest theimometer. High 
wind and second greatest moisture, i.e., Barometer 28.64, 



Thermometer 80 , Moisture 13 .9., Velocity of wind 32 miles. 
But the zenith distance, 89 «> 52* 41", is near the average 
reading. 
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UEAH OF ALL OBSERVATIONS. 
89 52 • 35.7" 



SMALLSST SmaLS RSADINO 
89° 53» 18«' 



LARGEST SINGLE RSADINO. 
89** 52* 52" 



TOTAL VARIATION. 



34" 



Lowest Velocity ot Wind, (0-3) mlle« 32" 

Highest Velocity of Wind, (42) miles 39 

Wind S.w. 40 

Wind N.W. 59/ 

Wind N.E. 39 

Wind S.E. 27 



'^ .0 



^7 



Lowest Thermometer (10^) . 18" 

Highest Thermometer (80 ) 42 

Lowest Barometer (38.64 - 29.00) 38 

Highest Barometer (29.51-29.91) 32 



In general, trcm. the reooi'ds, it seems that the greatest 
zealtli distance occurs when there is a high thermometer, a 
high wind, a low barometer, and when the air contains a large 
amount ot moisture and on cloudy rather than on olear days. 

It may be worthy of mentioning also that the mean readings, 
with respect to the direction of the wind, when plotted are 
seen to lie nearly on an ellipse, the major axis of which is 



54 



at right angles to the general direction of the lakes. The 
following figure illustrates the fact. 



w 



t^ 




S. 



L. 



APPROVED 




a.:k: . ^ 



."S'Cfrrtr* . .4*«<^^ i'Jt^iHw.^.ii*^*^^''^ 



This lEHeals was Oopled. In tHe Qffloe of 

i^xma L* Mooxe* 
418 KoTtli BrooB Street*^ 
llBLdlson, ITlaoonsln. 



\ 



SUPPLEMENT • 



The fbllowlng series of otservations nre offered as a 



supplement to the thesis proper. The readings and methods 
of worK hr?ve been carried out precisely as In the former se- 
rles. The same number of observations was taKen as before^ 
but Insteod of talcing one a day at twelve o*clocX^ two were 
talcen at nine o'clock and four o'clodc, respectively. The 
latter series are believed to be rather more accurate Inas- 



much as they were talcen In mld-suramer (between June 20th and 
Atigust 10th) under much more favourable conditions of the 
weather. However^ the mean readings and the range of varia- 
tions are not decidedly different. 

The smallest single reading 89® 52* 22* occurred on 
June 27th, Thermometer 79©, Barometer 29.11, wind, south, 
Velocity, 1 mile. Moisture, 0.52, Weather, clear. 

The largest single reading 89o 52* 56» occurred on J\v- 

ly 14th. Theimometer, 88^, Barometer, 29.14, wind. North- 
west, Velocity, 3 miles. Moisture, 0.48, weather, clea; 

The mean of all readings, 89«> 52^ S7.4. 



2 



OBSERVATIONS FOR REFRACTION. 



Thexmom. Baron. zenith 
Date. Hour. De^ees. Inches. Dlatanoe. 

89° 52' 



Wind. Moisture. 
Dlrec. Veloc. Inches. Wepther. 
Miles. 



June 






















20 


9:45 


63 


28.91 


45.9 


44.1 


N. 




13 


.37 


GlOtldy 


22 


9:00 


65 


28.90 


37.8 


37.7 


K. 


E 


5 


.40 


Cloudy 


22 


4:00 


67 


28.87 


35.3 


35.5 


N. 


E. 


4 


.40 


Fair. 


23 


3:30 


70 


28.90 


36.4 


37.3 


H. 


F. 


10 


.27 


Pair. 


25 


9:15 


70 


28.89 


31.7 


32.9 


n. 


W. 


7 


.27 


Fair. 


24 


9:00 


77 


28.94 


45.2 


47.8 


N. 


w. 


6 


.42 


Fair. 


24 


4:30 


79 


28.89 


38.6 


39.7 


IT. 


w. 


6 


.42 


Cloudy. 


25 


9:00 


74 


29.11 


48.0 


44.5 


S. 


vr. 




.41 


Clear. 


25 


4:00 


79 


29.10 


38.3 


42.2 


N. 




4 


.60 


Clear. 


26 


9:10 


78 


29.18 


48.6 


48.8 


1:. 




4 


.50 


Clear. 


26 


4.40 


79 


29.11 


36.5 


35.0 


N. 


S. 


5 


.51 


Clear. 


27 


9:00 


79 


29.11 


22.4 


32.6 


S. 




1 


.52 


Clear. 


27 


4:00 


81 


29.01 


35.0 


35.9 


N. 




5 


.69 


Clear. 


29 


9:15 


85 


28.90 


40.1 


42.0 


S. 


F. 


S 


.64 


Cloudy. 


29 


4:00 


86 


28.90 


38.8 


34.1 


S. 




3 


.76 


Cloudy 


30 


9:30 


77 


28.86 


31.8 


37.0 


s. 


F. 


14 


.66 


Cloud^. 


30 


4:20 


76 


28.86 


32.5 


31.4 


s. 




12 


.79 


Fair. 


July 






















1 


9:00 


89 


28.79 


44.6 


40.8 


s. 




14 


.79 


Fair. 


1 


4:00 


86 


28.86 


34.2 


34.4 


w. 




10 


.81 


Clear. 


2 


9:00 


78 


28.98 


30.6 


32.8 


E. 




2 


.79 


Cloudy. 


2 


4:00 


87 


28.94 


35.4 


34.2 


s. 


F. 


8 


1.97 


Fair. 


5 


9:00 


86 


29.20 


45.0 


44.8 


s. 




14 


.78 


Fair • 


5 


4:00 


86 


29.00 


39.9 


33.9 


s. 




12 


.91 


Fair. 


4 


9:00 


81 


28.94 


36.9 


35.7 


s. 




12 


.76 


Cloudy. 


6 


9:00 


85 


29.42 


40.8 


41.8 


V. 




5 


.60 


Clear. 


6 


4:00 


85 


29.24 


33.5 


35.7 


s 




14 


.82 


Clear. 


7 


9:00 


85 


29.23 


43.6 


42.9 


s. 




13 


.63 


Clear. 


7 


4:00 


89 


29.16 


35.2 


34.7 


s 




14 


.91 


Clear. 


8 


9:00 


91 


29.15 


38.5 


39.3 


s 




6 


.73 


Fair. 


8 


4:30 


85 


29.15 


30.5 


30.4 


s. 


* 


5 


.94 


Fair. 


9 


«*:oo 


82 


29.10 


33.8 


34.5 


s. 




11 


.68 


Fair. 


9 


3:40 


77 


29.40 


29.9 


36.7 


N. 


E. 


16 


.73 


Cloudy. 


10 


9:00 


89 


29.09 


35.6 


33.9 


s. 


F. 


4 


.69 


Clear. 


10 


4:00 


82 


29.09 


29.7 


31.4 


JT. 


E. 


4 


.78 


Cloiidy. 


11 


0:00 


89 


29.07 


38.9 


37.4 


N. 


F. 


4 


.64 


Clear. 


i: 


4:00 


34 


29.00 


29.9 


33.8 


w. 




7 


.72 


Clear. 


J5 


9:00 


83 


29.03 


36.5 


36.2 


N. 


F. 


5 


.46 


Clear. 


13 


4:00 


67 


29.08 


34.8 


32.7 


N. 


W. 


10 


.59 


Fair. 



L. 



OBSERVATIOHS FOR REFRACTION. 







Therraom.Barom 


Zenith 




wind. Moisture. 


Date. 


Hotir. Degrees. Inches. Distance 


. Dlrec. 


veloo 


. Inches .Weather 






• 




89< 


> 52' 






Miles 


• 




Jvay 














14 


9: 


;20 


88 


29.14 


55.5 


46.7 


11. 


w. 


3 


.48 


Clear. 


14 


4: 


:30 


77 


29.12 


36.4 


38.3 


N. 




8 


.58 


Fair. . 


15 


9: 


:oo 


73 


29.24 


37.4 


40.1 


E. 




5 


.33 


Clear. 


16 


4: 


:15 


82 


29.11 


35.8 


31.2 


S. 




4 


.48 


Clear. 


17 


9: 


:00 


69 


28.04 


34.7 


24.4 


S. 




11 


.53 


Cloudy. 


20 


9: 


:00 


85 


29.08 


39.9 


44.6 


N. 


V. 


5 


.50 


Clear. 


20 


4: 


:oo 


82 


29.08 


31.5 


37.6 


N. 


w. 


5 


.63 


Fair. 


21 


9: 


:15 


83 


28.92 


37.3 


39.1 


S. 


w. 


13 


.58 


Fair. 


21 


4: 


:15 


90 


28.97 


33.2 


30.2 


N. 


w. 


12 


.66 


Fair. 


22 


9: 


:oo 


77 


29.14 


41,. 


43.9 


N. 




4 


.53 


Pair. 


22 


4: 


:15 


79 


29.20 


39.8 


35.2 


N. 


w. 


6 


.66 


Fair. 


23 


9; 


:oo 


82 


29.32 


51.9 


44.4 


E. 


• 


1. 


.58 


Clear. 


23 


4: 


:oo 


83 


29.31 


40.1 


39.9 


N. 




3 


.72 


Clear . 


24 


9: 


:00 


85 


29.32 


42.3 


39.7 


S. 




5 


.59 


Clear. 


24 


4: 


:oo 


86 


29.25 


33.2 


36.6 


S. 




12 


.83 


Clear. 


25 


9: 


100 


89 


29.22 


43.3 


47.6 


s. 


w. 


8 


.63 


Clear. 


25 


4: 


:oo 


33 


29.18 


33.9 


34.5 


s. 


V. 


15 


.89 


Clear. 


27 


9: 


:oo 


70 


29.24 


40.6 


33,1 


E. 




2 


.51 


Cloudy. 


28 


9: 


:oo 


88 


28.97 


43.7 


44.2 


s. 




8 


.74 


Clear. 


28 


4: 


:oo 


89 


29.88 


35.8 


40.4 


s. 


w 


12 


.92 


Cloudy . 


29 


9: 


:oo 


90 


28.96 


34.3 


33.7 


s. 


w. 


5 


.65 


Cloudy . 


29 


4: 


:15 


81 


28.85 


36.5 


32.7 


s. 




6 


.73 


Clear 


30 


9: 


:oo 


70 


29.10 


39.1 


38.3 


N. 


V. 


9 


.44 


Fair. 


31 


9: 


:oo 


74 


29.32 


36.5 


33.6 


N. 


E. 


3 


.42 


Clear. 


August 


















• 




1 


9: 


:oo 


69 


29.32 


35.6 


42.6 


s. 


E. 


10 


.48 


Cloudy. 


1 


4: 


;oo 


72 


29.23 


37.6 


38.5 


s. 


E. 


19 


..60 


Cloudy. 


4 


9: 


:oo 


70 


29.10 


31.2 


34.4 


N. 


E. 


3 


.61 


Cloudy. 


4 


4: 


:oo 


70 


29.04 


38.4 


35.5 


E. 




6 


.75 


Clear. 


5 


9: 


;20 


70 


P8.91 


40.5 


40,6 


S. 




16 


.76 


Cloudy. 


5 


4: 


:oo 


83 


28.92 


37.0 


33.4 


S. 


W. 


6 


.77 


Clear. 


6 


9: 


:oo 


76 


29.06 


40.0 


40.2 


N. 


W. 


10 


• W^ 


Fair. 


7 


9: 


:00 


76 


29.23 


38.9 


42.3 


S. 




5 


.39 


Clear. 


7 


4: 


:oo 


73 


29.14 


39.3 


31.3 


S. 


W. 


9 


.55 


Fair. 


8 


9: 


:30 


91 


28.97 


37.5 


37.3 


s. 


w. 


6 


.52 


Cloudy. 


8 


4: 


:oo 


78 


28.88 


36.0 


32.8 


s. 


vr. 


9 


.64 


Pair. 


10 


9": 


:oo 


74 


28.98 


35.1 


34.0 


s. 




9 


.45 


Cloudy. 


10 


4: 


:oo 


71 


28.99 


35.8 


28.4 


w. 


• 


8. 


.54 


Clear. 



Mean Zenith Distance, S?,'> 52' 37.4". 



0BS3RVATI0NS ACCORDING TO BAROMETER. 



28.79 


28.90 


29.00 


29.10 


29.20 


29.30 


to 


to 


to 


to 


to 


to 


inches .28 .89 


28.99 


29.09 


29.19 


29.29 


29.42 


46 « 


38" 


40" 


38" 


43" 


40" 


41 


38 


34 


42 


45 


40 


22 


36 


SO 


34 


39 


52 


31 


34 


34 


34 


35 


44 


32 


34 


35 ' 


39 


43 


42 


31 


34 


56 


38 


48 


40 


34 


40 


, 41 


31 


43 


36 


34 


42 


44 


34 


43 


34 


34 


46 


38 


48 


38 


36 


34 


44 


36 


44 


38 


42 


36 


41 


40 


36 


39 


30 


33 


41 


40 


35 


42 


36 


35 


37 


39 


22 


34 


41 


35 


39 


37 


32 


36 


42 


36 


37 


35 


36 


37 




40 


34 


33 


31 


40 




36 


' 45 


40 


36 


40 




33 


48 


44 


36 


33 




32 


35 


32 


30 


33 




33 


44 


37 


30 


36 




39 


37 


35 


36 






40 


36 


34 


36 








35 


30 


55 








24 


31 


47 








33 




39 








30 




31 








44 




38 








44 




39 








37 




35 








37 




35 








31 




49 








33 




49 








35 
34 
36 




34 
34 




• 


1 


28 










Mean, 34.9 


37.2 


36.5 


36.3 


39.2 


39.6 



OBSEHVATIOKS AGGORDINO TO BAROMETRIC READIKaS ON 



Gloudy Daya. 



Pair Daya* 



Glear Daya, 



28.80 28.90 29.00 

to to to 
28.90 29.00 

inchea . 



28.80 28.90 

to to 
28.90 29.00 

Inchea . 



28.80 29.00 29.10 29.20 

to to to to 
29.00 29.10 29.20 29.40 

Inohea. 



59 


46 


SO 


40 


44 


37 


36 


38 


30 


40 


38 


31 


32 


40 


41 


31 


42 


33 




39 


36 




34 


41 




31 


38 




S3 


38 




37 


31 




36 


34 




35 






24 






34 






34 






41 






41 






37 






33 






37 






37 






34 






35 





35 


36 


36 


37 


32 


35 


33 


34 


32 


37 


31 


39 


45 


53 


41 


50 


36 




36 





34 


35 


48 


41 


34 


56 


45 


42 


38 


35 


38 


54 


33 


34 


42 


56 


45 


39 


49 


57 


48 


57 


49 


40 


37 


50 


35 


52 


33 


54 


35 


44 


35 


56 


22 


42 


28 


40 


59 


40 




45 


55 


33 




58 


55 


37 




56 


55 


44 






48 


48 






56 


56 






51 


54 






54 


59 






54 


42 



)Cean8-56.5S 36.25 35.00 35.4 55.1 



56.5 36.5 59.4 59.5 



6 



VARIATIOHS ACCORDING TO TEMPERATURE. 



6S*>-679. 


680-729 . 


730-770 , 


780-820. 


830-870. 


380-920. 


46 


35 


48 


49 


36 


55 


44 


24 


46 


49 


36 


47 


38 


36 


37 


31 


37 


34 


38 


36 


40 


33 


39 


34 


35 


32 


36 


36 


40 


44 


35 


33 


34 


33 


40 


44 


35 


41 


39 


39 


37 


45 


33 


33 


31 


40 


33 


41 


• 


39 


35 


38 


30 


35 




38 


34 


42 


34 


35 




38 


32 


36 


42 


35 


. 


38 


31 


35 


41 


34 




38 


39 


22 


42 


39 




31 


42 


32 


44 


37 




37 


45 


39 


43 


43 




34 


48 


35 


30 


47 




38 


32 


35 


30 


36 




36 


31 


36 


40 


40 




41 


33 


37 


44 


33 




41 


37 


33 


42 


30 




36 


36 


S7 


40 


34 




36 


36 


33 


39 


34 




42 


41 


34 


34 


39 




28 


44 


34 


34 


39 






40 


28 


34 


37 






40 


31 
36 
31 

32 
37 

52 

44 


43 
44 
40 
34 
33 
36 
35 
34 


37 



Maan, 38 35.3 38 36 37 38 



OBSERVATIONS ACCORDIHG TO WEATHER AND TEMPERATURE. 







Cloudy 


Days 


'• 




Clear Days. 


High Thexnometer^ 


LOW 


TheiTOometeT'. 


High Theimomoter. 


Ton. 


Bor. Z 


. D. 


Tem. 


Wnr. 


Z. D. 


Tem. 


Bar. 


S. D. 

• 


770 


29.40 


30 37 


6S«> 


28.91 


46 44 


84» 


29.00 


30 34 


78 


28.98 


31 33 


65 


28.90 


38 38 


85 


29.42 


41 42 


79 


28.89 


39 40 


69 


28.94 


35 24 


85 


29.24 


34 36 


81 


28.94 


37 36 


89 


29.32 


36 42 


85 


29.23 


44 45 


82 


29.09 


30 31 


70 


29.24 


41 33 


85 


29.08 


40 44 


85 


28.90 


40 42 


70 


29.10 


34 41 


85 


29.32 


42 40 


86 


28.90 


34 34 


70 


28.91 


41 41 


86 


28.86 


34 34 


89 


28.88 


36 40 


71 


28.97 


37 37 


86 


29.25 


33 36 


90 


^8.86 


34 34 


72 


28.86 


32 31 


88 


29.14 


55 47 








72 


29.23 


38 38 


88 


29.18 


34 34 








74 


28.98 


35 34 


88 
89 
89 
89 
89 


28.97 
29.09 
29.16 
29.07 
29.22 


44 44 

35 34 
35 35 
39 37 
43 47 



Means - 28.97 35.4 29.03 36.6 29.05 37 



OBSISRVATI ONS ACCORDING TO WEATHER AND TEMPERATURE. 







Palp 


Days. 








Cleap Dajrs. 


High Themometer. 


LOW 


Thermoneter . 


Low Thezmometop. 


Tern 


. Bpt. 


Z. 


B. 


Ten. 


Bap. z 


. D. 


Tfljn 


. Bap. 


Z. D. 


770 


29.12 


46 


44 


67 » 


29.08 


35 S3 


83® 


28.92 


37 53 


77 


29.04 


41 


44 


67 


28.87 


35 35 


85 


29.31 


40 40 


79 


29.20 


39 


35 


70 


28.90 


36 37 


83 


29.03 


36 36 


82 


29.10 


34 


34 


70 


28.89 


32 33 


82 


29.32 


52 44 


82 


29.08 


32 


37 


70 


29.10 


39 38 


82 


29.11 


36 51 


83 


28.92 


37 


39 


73 


29.14 


39. 31 


Rl 


718.86 


36 33 


85 


29.13 


30 


3S 


76 


28.86 


32 31 


81 


29.01 


35 36 


86 


29.20 


43 


45 


76 


29.06 


40 40 


79 


29.11 


22 32 


86 


2&.00 


40 


34 


78 


26.88 


36 33 


79 


29.11 


36 35 


87 


28.94 


35 


34 








79 


29.10 


38 42 


89 


28.79 


44 


41 








78 


29.18 


49 49 


90 


28.97 


33 


30 








77 


28.94 


45 48 


91 


29.15 


39 


39 


» 






76 
74 
74 
73 
71 
70 


29.25 
29.32 
29.11 
29.24 
28.99 
29.04 


39 42 

36 54 
48 45 

37 40 
36 28 

38 36 



Mean - 29.05 37.1 28.96 55.3 29.11 58.5 



OBSERVATIONS ACCORDIHa TO WPJITHER AHD TEMPERATURE. 



Clecr 


Days. 


Pair 


Bays . 


Cloudy Days. 


Themoneter 


Thexnooeter. 


Th9imometer 


LOW 


High. 


LOW 


High. 


High 


Low 


70«-83* 


84«-9lo 


67«-78<> 


77«_9lo 


770-900 


63«-74o 


38 


30 


35 


36 


30 


46 


36 


34 


33 


36 


39 


44 


36 


41 


35 


41 


31 


38 


28 


42 


35 


44 


33 


38 


37 


34 


36 


39 


39 


35 


40 


36 


37 


35 


40 


24 


48 


44 


S2 


34 


37 


36 


45 


43 


33 


34 


36 


42 


35 


40 


39 


32 


30 


40 


34 


45 


38 


37 


51 


33 


39 


42 


39 


37 


40 


31 


42 


40 


31 


39 


42 


34 


45 


34 


32 


30 


34 


41 


48 


34 


31 


30 


34 


41 


49 


33 


40 


43 


36 


37 


49 


37 


40 


45 


40 


37 


38 


55 


36 


40 


34 


32 


42 


47 


33 


34 


34 


31 


36 


84 




35 




37 


35 


34 




34 




38 


22 


44 




44 




35 


32 


44 




41 




34 


35 


35 




33 






36 


34 




30 






36 


35 




39 






35 


S5 




39 






36 


39 










31 


37 










52 


43 










44 


47 










36 












36 












40 












40 












37 












33 













38.8 



39 



35.3 



37 



39.8 



36.5 



1 '^ 



ACGORBIKO TO WEATHER. 



^ Cloudy Dayv. 


Clear 


Days. 


?alr Days. 


44 


45 


52 


55 


59 


46 


48 


44 


55 


51 


38 


48 


40 


56 


56 


58 


45 


40 


57 


58 


59 


58 


42 


52 




40 


42 


40 


55 




40 


49 


55 


52 




42 


49 


36 


51 




59 


56 


45 


44 




42 


55 


47 


41 




32 


22 


54 


55 




51 


52 


54 


54 




31 


55 


44 


43 




55 


56 


44 


45 




57 


54 


56 


40 




56 


54 


55 


54 




30 


41 


56 


59 




57 


42 


54 


59 




50 


44 


58 


50 




51 


45 


56 


50 




54 


55 


57 


54 




24 


55 


55 


54 




41 


56 


59 


55 




55 


54 


42 


55 




56 


59 


56 


52 




40 


57 


28 


57 




56 


50 




57 




42 


54 




59 




58 


56 




55 




58 


56 




50 




51 


55 




41 




54 


47 




44 




41 


57 




39 




41 


40 




55 




57 


56 




59 




57 


51 




23 




55 


40 




40 




54 


44 




40 





56.5 58.8 56.5 



11 



OBSERVATIONS ACOORDINO TO ^TEATHER AND BAROMETRIC CONDITIONS. 



Cloudy Days. F&lr Days. 
Baromet'or. Barometer. 

LOW. High. LOW. 



Clear Days. 

Barometer. 

LOW. EWu. 



28.80 28.90 29.00 28.80 28.90 

to to to to 

28.90 29.00 28.90 29.00 



28.60 28.90 29.00 29.10 29.20 
to to to to to 

28.90 29.00 29.10 29.20 29.40 



39 


46 


30 


35 


36 


34 


45 


35 


48 


41 


40 


44 


37 


36 


37 


34 


48 


36 


45 


42 


36 


38 


30 


32 


35 


36 


37 


35 


38 


39 


40 


38 


31 


33 


34 


33 


33 


54 


42 


36 


32 


40 


41 


32 


37 




35 


39 


49 


37 


31 


42 


33 


51 


39 




28 


37 


49 


40 




39 


36 


45 


33 






30 


35 


52 




34 


41 


41 


30 






34 


35 


44 




31 


38 


36 








36 


22 


42 




33 


38 


53 








36 


39 


40 




37 


31 










40 


35 


33 




36 


34 










45 


35 


37 




35 












38 


55 


44 




24 












36 


48 


48 




34 














36 


36 




34 














31 


34 




35 














34 


39 




34 














34 


42 




41 




















41 




















37 




















33 




















37 




















37 



















36.33 36.25 35.0 35.4 35.1 



36.5 



36.5 39.4 39.5 
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OBSERVATIONS ACCORDINO TO VELOCITY OP THE ITIND. 



Miles, 0-3. 4-6. 7-9. 10- 12. 13-15. 16 - 19 



48 


35 


37 


32 


36 


46 


30 


45 


35 


38 


33 


37 


44 


37 


22 


45 


37 


35 


32 


32 


41 


32 


48 


40 


34 


31 


31 


41 


40 


39 


36 


30 


34 


32 


38 


42 


40 


31 


34 


34 


31 


38 


39 


38 


40 


36 


40 


44 




34 


42 


44 


36 


34 


41 




31 


49 


32 


43 


34 


43 




33 


49 


37 


48 


34 


45 




55 


36 


41 


44 


35 


34 




47 


35 


44 


44 


33 


36 




52 


35 


39 


39 


35 


43 




44 


36 


35 


38 


24 


43 




40 


41 


42 


39 


33 


37 




40 


42 


40 


31 


30 


39 




41 


39 


34 


36 


33 


54 




33 


39 


34 


33 


36 


34 




37 


30 


36 


35 


36 






34 


30 


33 


34 


40 






31 


35 


38 


36 


36 






34 


34 


36 


28 


42 






39 


30 


37 




40 






42 


31 
39 
33 


33 
37 
33 




40 


• 





Mean, 36 37.6 36.3 34.9 38.3 37.5 
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OBSERVATIONS ACCORDING TO DIRECTION OP WIND. 



North. 


North E* 


East. 


South E. 


South . 


south ¥. 


T^est. 


North W 


46 


38 


51 


36 


22 


39 


48 


34 


56 


44 


38 


33 


42 


32 


42 


45 


54 


57 


38 


35 


37 


38 


34 


55 


40 


41 


32 


42 


35 


40 


38 


34 


34 


42 


42 


35 


49 


36 


52 




32 




32 


30 


45 


49 


35 


44 




31 




31 


54 


48 


35 


SO 


40 




43 




44 


56 


59 


36 


37 


33 




45 




41 


28 


40 


36 


30 


38 




40 




55 




39 


36 


31 


36 




34 




54 




37 


41 


36 






37 




56 




56 


44 


34 






36 




54 




56 


40 


31 
34 




• 


34 
36 

44 
45 
35 
35 
59 
39 
30 
30 
54 
34 
36 
31 
35 
24 
42 
38 
33 
37 
44 
44 
36 
33 
41 
41 




57 
59 
48 
48 
34 
34 
36 
41 
34 
54 
57 
55 
59 
51 
38 
37 
36 
33 




35 
33 
55 
47 
40 
44 
32 
37 
35 
30 
39 
55 
39 
38 
40 
40 


• 


• 


• 


ft 












41.2 


34.5 


38.4 


38.5 




36.1 


37.7 


54.9 


38.4 
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OBSERVATIONS ACCORDING TO BAROMETRIC CONDITIONS 

AND THE VELOCITY OP THE WIND. 



Barometor Below 29 Inches, 
v^lnd 8 Miles wind 8 Ulles 
or Below. or Above. 



Barometer Above 29 Inches. 
Wind 8 Miles wind 8 Miles 
or Below. or Above. 



58 


46 


58 


44 


35 


56 


55 


57 


52 


52 


55 


52 


45 


31 


48 


51 


59 


45 


40 


41 


40 


54 


42 


54 


59 


57 


34 


56 


51 


34 


55 


24 


55 


57 


54 


39 


44 


55 


44 


50 


54 


54 


54 


56 


56 


56 


55 


52 


57 


40 


35 


41 


57 


41 


57 


55 


56 




S8 





48 


56 


43 


45 


56 


45 


58 


37 


40 


42 


40 


54 


49 


56 


54 


49 


31 


56 


56 


40 


44 


55 


44 


43 


55 


57 


55 


55 


44 


35 


56 


59 


54 


41 


55 


54 


42 


52 


50 


59 


44 


37 


59 


40 


35 


59 


40 


33 


50 


40 


33 


50 


42 


37 


56 


40 


34 


54 


45 


34 


41 


47 


59 


50 


40 


38 


51 


35 


36 


59 


56 


42 


58 


35 


58 


50 


51 


58 


54 


54 


40 


56 


58 


40 


56 


56 


39 


56 


59 


31 


47 


42 





Mean- 36.0 



36 



38.4 



57 



Mean Low wind,- 36.9 + 58.4 - 75.5 - 37,7 

2 
Mean High Wind,- 36 + 57 « 73 _ 

2 



36.5 
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OBSERVATIONS ACCORDINa TO M0ISTUR3 IN ATMOSPHERE. 



.2 - .4 .4 - .6 .6 - .8 .8 - .10. 

Inches. Inches. inches. Inches. 





46 •» 


38 •» 


39" 


3.8" 


33 •• 


34 




44 


38 


38 


42 


30 


34 




36 


35 


36 


35 


39 


35 




37 


36 


34 


36 


35 


34 




32 


45 


36 


40 


40 


40 




33 


48 


42 


42 


40 


34 




37 


39 


40 


39 


43 


34 




40 


40 


40 


34 


47 


36 




39 


48 


39 


32 


44 


35 




42 


46 


31 


31 


44 


35 






49 


37 


32 


34 


30 






49 


37 


31 


34 


30 






36 


35 


44 


36 


35 






35 


34 


41 


33 


57 


• 




22 


36 


31 


38 


54 






32 


28 


33 


38 


34 






36 




43 


31 


56 






36 




45 ^ 


34 


40 






35 




37 


38 








33 




36 


33 








55 




41 


36 








47 





42 


41 








36 




44 


41 








36 




43 


37 








36 




38 


53 






• 


32 
35 
24 
40 
44 
37 
39 
41 
44 
52 
44 
42 
40 
40 
33 




39 
34 
34 
30 
38 
36 
34 
30 
31 
39 
37 
30 
34 
32 
37 


36 




Means, 


38.6 




38.5 




S6.9 


54.7 
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MEAN REASINOS ACCORSIKO TO 

(1) DIRECTION OP THE WIND:- 

North, 4l!2; iTorth Snst, ssU; East, ss!*; 
south, 36!l; south East, ssts; West, 54!!9; 
south West, ztlt; North West, 38 !4. 

(2) TEMPERATURE :- 



6S«-67<»; 68«*-72o; 7S«-77o; 

38" 35.3* Se* 

780-82®; 8S9-870; 08«»-92? 

S6» 37 • 38! 



(3) CLEAR DAYS, HIOH THERMOMETER,- 39! 

LOW THERMOMETER,- 38.3. 
PAIR DAYS, HI OH THERMOMETER,- 37! 

LOW THERMOMETER,- 35!3. 
CLOUDY DAYS, HI OH THERMOMETER, -35!4. 

LOW THERMOMETER,- 36! 6. 



(4) VELOCITY OP THE WIITD:- 



Mlles Reading 



tt 



0-3, 36. 

4-6, 37.6. 

7-9, 36.3. 

10 -12, 34!9. 

13 -15, 38||3, 

16 -19, 37.5. 
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KEAH READINOS ACCORDIHG TO • 
(5) BAROMETER :- 

28.79 to 28.89; 28.90 tO 28.99; 29.00 tO 29.07; 
S4!9 37"2. sets. 



29.10 to 29.19; 29.20 to 29.29; 29.30 to 29.42; 

11 It n 

38.3. 39.2. 39.6 



(6) BAROMETRIC CONDITIONS AND WEATHER :- 

GlouOy Days, Barometer 28.80 28.90 29.00 

to to + 

28.90 29.00 

• % • 

36.33 36.25 35 



Pair Pays, Barometer 28.80 28.90 

to to 

28.90 29.00 

35.4 35.1 



Clear Days, Barometer, 28.80 29.00 29.10 29.20 

to to to to 

28.90 29.10 29.20 29.40 

33.3 36.5 39.4 39.5 



ftlOftSlTtSOM 




b89086976604a 



I 



